church towers and the loftiest mountains in the kingdom, from the Shetlands to the Scilly Islands, it is at this day in perfect working order, and probably one of the very best instruments that was ever made.
The great Trigonometrical operations of the Survey have been carried on under so many officers, from the time of their commencement under General R oy down to the The difference between the measured and computed length of the Misterton Carr base, near Doncaster, also measured with the steel chains, is only 0*191 ft., or about 2 inches; and it will be observed that the difference between the computed and measured lengths of these three bases (measured with chains) is not greater than the difference between the measured and computed length of the Lough Foyle and Salis bury Plain bases (measured with the compensation bars), from which it may be in ferred that bases measured with steel chains are deserving of the greatest confidence; and when the great simplicity, portability, and cheapness of the chains is compared with the complex, heavy and expensive apparatus of the compensation bars, I should anticipate that they would be more generally employed than they have been of late years, especially in the colonies, and in countries where the transport of heavy arti cles is effected with difficulty.
The length of the base on Rhuddlan Marsh in North Wales, which was measured with steel chains, differs 1*596 ft. from the computed length; but from the circum stance that the extremities of the base are very badly situated with reference to the surrounding Trigonometrical stations, the angles being very acute, and not well ob served, we have placed little confidence in the result of the comparison of its com puted and measured length.
One of the first practical results arising from the completion of the triangulation is, that we are now able to engrave the latitude and longitude on the marginal lines of the old sheets of the 1-inch map of England, and this is now being done.
The following account of the Trigonometrical operations and calculations has been drawn up by Captain A lexander R. Clarke, R .E .; this account may be considered as an abridgement of that more detailed account which is now in the press, and will be shortly published.
It will be seen that the equatorial diameter of the earth, as derived from the Ordnance Survey, is 7926*610 miles, or about one mile greater than it is given by the Astronomer Royal in his ' Figure of the Earth,' and that the ellipticity is or as the Astronomer Royal conjectured, something " greater than -3^0," which he gives in the same paper.
The mean specific gravity of the earth, as derived from the observations at Arthur's Seat, was stated in a former paper to be 5*14 ; the calculations have since been revised, and we now find it to be 5*316.
The mean specific gravity of the earth, as derived from the only other observations on the attraction of mountain masses on which any reliance has been placed, viz. the Schehallien observations, give, as finally corrected by H utton, |- §, or almost 5*0.
From the experiments with balls we have the following results :- From the pendulum experiments at a great depth and on the surface, the Astro nomer Royal obtained 6'566.
I have recently received, through the Astronomer Royal, two copies of the new National Standard Yard : it is obviously necessary that our geodetic measures should be given in reference to the standard ; but not knowing from what scale the standard has been taken, I am unable to say at present in what way the reduction is to be m ad e; that is, whether by reference to the comparison of the old standards which have been already made, or by the mechanical process of a direct comparison of the Ordnance Standard with the new National Standard.
The Principal Triangulation of the Ordnance Survey of Great Britain and Ireland, extending from the Sciily Isles, in latitude 49° 53', to the Shetland Isles, in latitude 60° 50', and embracing at its widest extent about 12° of longitude, consists of about 250 stations.
The observations for the connexion of the trigonometrical stations have been made with four large theodolites, two of 3 feet, one of 2 feet, and the other of 18 inches in diameter. The first two instruments (one of which is the property of the Royal Society), and the 18-inch theodolite, Were constructed by R amsden at the com mencement of the trigonometrical operations in England in 1798: the 2-feet theo dolite was constructed by Messrs. T roughton and S imms at the commencement of the Irish Survey in 1824.
The latitudes of thirty-two of the stations of the principal triangulation have been determined by observations made with R am sden's zenith sector, and since the destruction of that instrument in the great fire at the Tower of London, with A iry's zenith sector. All the observations made with these instruments have been published in detail*.
The mode of observing with the theodolite may be shortly described as follows:-The instrument being first placed very carefully over the precise centre of the station, an object having a fine vertical line of light, with a breadth of about 10", is set up in a convenient position within a mile or two of the station; this object, called the " referring-object," serves as a point of reference from which all angles are measured. The lower limb of the instrument being clamped, the observer intersects the refer ring-object and then each of the principal points in succession, concluding with a second observation of the referring-object, which should be identical, within the limits of errors of observation, with the first reading of that object: the instrument is then unclamped and the bearings read again on different parts of the divided circle. The method by which these observations are reduced to the most probable results, is an approximate solution of the equations resulting from the method of least squares.
The direction of the meridian has been determined by observations of the elonga tions of a, & , X Urs. min. and 51 Cephei; at six of the stations at which these observa tions have been made, the probable error of the result is under 0"*40, at twelve under 0"'50, at thirty-four under 0"*70, and at fifty-one under 1"*00.
Measured Base Lines.
The account of the measurement with R am sden's steel chain of the base lines on Hounslow Heath in 1791, on Salisbury Plain in 1794, on M isterton Carr in 1801, and on Rhuddlan Marsh in 1806, will be found in the Account of the Trigonometrical Survey.' These base lines are all expressed in terms of R amsden's brass scale at the temperature of 62° F a h r e n h e it . The chains were compared with R amsden's pris matic bar (20 feet in length), which was laid off from the brass scale at the tempe rature of 54° F a h r e n h e it . By a series of comparisons of the Ordnance 10-foot standard iron bar (designated Ox) with R am sden's 20-foot standard, made at South ampton, it was found that R amsden's bar=20*0007656 feet of 0 15 so that any measurement expressed in terms of feet of R a m sden's bar at 62° must be multiplied by 1*0000383 to give feet of On at the same temperature. Also to reduce a measurement expressed in terms of R a m sd en 's brass scale to the same in terms of R amsden's bar, it must be increased by a quantity corresponding to the difference of the expansions of brass and iron for 8°; and taking these quantities as used in the reduction of the bases, it will be found that the multiplier is 1*0000328, and hence to reduce the old bases to feet of Ox, they must be multiplied by 1*0000711.
In 1816 a base line of five miles in length was measured by Major-General Colby on Belhelvie Sands, Aberdeenshire: the measurement was effected with R amsden's steel chains, and in precisely the same manner as the previous bases. The chains were compared with R am sden's bar by Mr. B erge both before and after the measure ment.
In 1826-27 the Lough Foyle Base was measured in the north of Ireland with MajorGeneral Colby's compensation bars. Of this measurement a description in detail has been published*.
In 1849 the old base line on Salisbury Plain was remeasured. This measurement exceeded the old measure when reduced to the same standard by a foot. The guns marking the extremities of the old line were found imbedded very firmly in the earth, and in all probability in exactly their original positions.
By a series of comparisons instituted in 1834^ between the Royal Astronomical Society's Scale and the Ordnance Standard 0 2, it was determined that
Ord. Standard O j = 1 1 9 '9 9 7 6 0 8 mean inches of the centre yard of the Royal Astronomical Society's Scale; also from Mr. B aily's comparison of this scale with the standard metre he deter mined* Standard Metre = 3 9 * 3 6 9 6 7 8 mean inches of the centre yard of the Royal Astronomical Society's Scale.
From more recent observations, it appears that the Royal Astronomical Society's scale has undergone a permanent alteration of len g th ; the interval however between the two series of observations above quoted was not sufficiently long to vitiate the connexion thus established between the Ordnance Standard and the metre. The resulting value of the metre in terms of Oj is therefore In the necessary existence of these discrepancies among the calculated values of u, it becomes of much importance to obtain the most probable value. In ordinary calculations this has been generally effected by assuming it to be the mean of all the calculated values uxuxu[..... This might be improved upon by assigning to each value of u its proper weight by means of the weights of the observed angles, but the method would still be imperfect and discrepancies would still exist, in other parts of the work.
From the above equations, though we cannot determine the precise value of u, yet we can obtain some precise information respecting the errors of observation; for we have evidently, since the quantities a b c . . . a ' b ' c '. .. are numeri condition between the unknown errors.
But the number of such equations of condition for the whole figure being necessarily less than the actual number of errors, an indefinite number of systems of corrections * Memoirs of the Royal Astronomical Society, vol. ix. might be obtained that would satisfy all the geometrical relations of the triangula tion. The question then is to determine that system which is the most probable, and the solution derived from the theory of probabilities is, that the most probable system of corrections xa?... is that which makes the function a minimum.
If nb e the number of observed angles in a network of triangulation, the number of points, then 2 ( m-2) will be the number of angles absolutely required to fix all the points, consequently the geometrical figure must supply n -2 m -j-4 equations of condition amongst the true angles or amongst the corrections to the observed angles : we have therefore n -2 + 4 equations of the form In order that the results of the triangulation as applied to the determination of the figure of the earth might have the greatest weight possible, the most probable system of corrections has been calculated according to B essel's method, shortly described above. The principal and only objection to the application of this method of obtain ing the most trustworthy results, is the extremely voluminous and tedious nature of the calculations. The total number of equations of condition for the triangula tion is 920; if therefore the whole were to be reduced in one mass, it would involve as a small part of the work the solution of an equation of 920 unknown quantities.
The following method of approximation therefore was adopted : the triangulation was divided into twenty-one parts or figures, each affording a not unmanageable number of equations of condition; four of these parts, not adjacent, were first adjusted by the method just explained. The corrections determined in these figures were substituted, so far as they entered, in the equations of condition of the adjacent figure, and the sum of the squares of the remaining corrections in that figure made a minimum. Thus each division of the triangulation, with the exception of the four specified above, is dependent upon one or more of the figures to which it is adjacent.
The average number of equations in each figure is about 44; the greatest number of equations in any one figure is 77. Each figure was worked by two independent computers. This of itself alone would have been insufficient to secure freedom from error, but the final working of every possible triangle, after the corrections were applied to the observed angles, secured perfect accuracy.
Corrections to all the observed bearings having been obtained in the manner explained, it is clear that since all the geometrical relations of the figure are satisfied, no discrepancies can present themselves between the calculated values of the distance between any two points by whatever series of angles it may be obtained. The triangles are calculated by L e g e n d r e 's theorem. This theorem may be applied to triangles of any magnitude, up to two or three hundred miles, without fear of error. The greatest errors that can result in the values of the sides of a spheroidal triangle as calculated from the side c by spherical trigonometry, using the geometric mean of the principal radii of curvature of the surface for the mean latitude of the triangle as the radius of the sphere, are (the position of the triangle in azimuth being the variable quantity with respect to which the errors are the greatest possible), ga=^ (4/2+ m2+ 4 w2) * ib= p (/2-}-4 m2+■4 w2)* e2 cos2 X.
= 12R
where R is the radius of the sphere, e the eccentricity of the earth's surface, Imn the cosines of the angles of the triangle opposite abc respectively, and X its mean latitude.
ON THE FIGURE, DIMENSIONS, AND MEAN SPECIFIC GRAVITY OF THE EARTH,

Comparison o f Bases.
The absolute length of any side, or the linear scale of the triangulation, is made to depend on the bases measured with the compensation bars at Lough Foyle and on Salisbury Plain. The discrepancy between the measured and calculated length of these bases is about 5 inches; this discrepancy is divided so that each of the two bases shall exhibit an error proportional to the square root of its length: the com parison of all the bases is then as follows:-
Date.
Bases. 
Length in terms of
Latitudes and Longitudes.
For short distances the ordinary formulae are sufficient, but in the case of distances above 80 or 100 miles the following formulae are used, A being the given point, and B that whose latitude and longitude are required:-Let s = distance AB measured on the surface of the earth v = norm al to minor axis at A 6 = an g le subtended at the foot of this normal by the curve s a = azimuth of B at A a'= azim u th of A at B, both measured from the north X = latitu d e of A ; * = 9 0 -X X' = latitude of B a =difference of longitude o = radius of curvature of the meridian for the latitude ^(X +^) tan cot tan i ( a' +^+ a,) = C03|[ x + j | cot i a sin |(af+ $-*)/ sin $ + a ) \J _s eqQ 3 * = ; + 6(1-e2) cos2 X cos2 a e202 S= 4 ( l " / ) COS>X8m2" » £ being a minute angular correction here expressed, as also in angular measure.
In the calculation of latitudes and longitudes we must suppose all the points to be projected on a regular spheroidal surface (A), very nearly agreeing with the actual surface covered by the triangulation, then by equations of condition between the observed and calculated latitudes, longitudes and azimuths, small alterations to the elements of the assumed spheroid and its position must be determ ined: this new spheroid (B) will .be that most nearly representing the actual surface under con sideration.
For the first spheroid, that determined by the Astronomer Royal as most nearly representing the earth's surface; namely, a= 20923713 feet 6=20853810 feet was used as the spheroid of reference (A).
If we resolve the inclination of the actual surface at any point to that of the sphe roid (B) at the same point, or rather its projection, into two inclinations, one north and the other east, and call these inclinations and rin, these quantities being positive when the actual surface, as compared with that of the regular surface, rises to the north and to the east, and if we put | and p j for the same quantities at Greenwich, from which point the calculations of latitude and longitude and azimuths had their commencement, then each point at which the latitude has been observed will give an equation of the form and each point at which the longitude or direction of the meridian has been deter mined will give an equation of the form a1 + b% + d t j+ + in which tia and tie are the increments to the semiaxis major a spheroid (A).
Inconsequence of the smallness of the coefficients in the latitude of Great Britain, the quantity tie would have very little weight as determine tions.
Surface o f Great Britain.
The approximate results derived from the above equations are, assuming &e=0, Most probable Deflections.
The last column of the following Liverpool Observatory, the other a temporary observatory erected at Kingstown. The following Difference. Observatories.
Spjieroid (A). Spheroid (B). (A). (B
The positions of the principal observatories, as calculated by their connexion with the Triangulation of the Ordnance Survey, are contained in the following Table: - In obtaining the spheroid most nearly representing the measured arcs of meridian, we shall follow the method given by B e s s e l in his determination of the figure of the earth in Nos. 333 |ind 438 of the ' Astronomische N achriehten;' substituting for the English arc as used by him, the data of the present results, and for the Indian arc as used by him, the data contained at page 427 of Colonel E v e r e s t 's ' Account of the Measurement of Two Sections of the Meridional Arc of India.* Colonel E v e r e s t 's measurements are expressed in terms of his standard 1 0 -foot iron bar A, and the standard 6-inch scale A, twenty parts of any linear result being in terms of feet of the iron standard and one part in terms of feet of the 6-inch scale. By means of the comparisons contained at page 436 of Colonel E v e r e s t 's work and at pages 101 and [40] of the ' Account of the Measurement of the Lough Foyle Base,' it will be found, that to reduce the results contained in the former work to feet of On they must be multiplied by *99999026. There is, however, some uncertainty in the unit of measure of the earlier portion of the second East Indian Arc.
Peruvian A rc. 
92777*981
If § be the radius of curvature of the meridian at a point whose latitude is X, or if we make a{ 1-e2)
(1 Hence if s be the meridian distance of two points whose latitudes are and Xa+Xa, we must substitute in this equation <p+a?2-for <p, neglecting the influence of the small quantities xo n the mean latitude of the a r c ; after this substitution obtain x2-rX{= [J b l^^-(p-\-2ot sin < p cos 2X -sin 2 cos 4 (*= 1 + 2 a cos < p cos 2X.
Now let g l ax be approximate values of g and a, so that a= a,(l+ A r).
Then substituting in the preceding equation, we have finally x2 -x x~f 3600 . n 1 .,
, where x l x2 and < p are expressed in seconds, and P l = i^Ti7>sin ^ cos 2X P2= S T ' S'n C0S 4*"
This equation contains the relation between the corrections to the terminal latitudes of a measured line s required to bring them into accordance with the measured distance, the elements of the spheroid of reference being as expressed above ing! i An arc in which there are n observed latitudes will therefore afford n -1 equations of the form x2 -Xi=zm-\-ai-\-bk; the quantities ik must then be determined so as to make the function
The final equations thus deduced are
where r is the number of observed latitudes in any arc, the symbol 2 signifying summation with respect to the different arcs. B essel adopts the approximate elements ^= 5 7 0 0 8 toises the equations for the different arcs are then as follows, putting 10000 and 10
1. Peruvian Arc.
x (» -x,=z +1*966+1*1225 /?+5*6059 2 . First East Indian Arc.
xW-x2= +0-937+0-5697 jo + 2 '5835 3. Second East Indian Arc.
agy-tf3= + 5*346+3*5628/?+15*9269 q.
x™-*3= + 4-801 +5*7458^+24-0257
x ? -x 3= + 12*440+7*6875 p + 2 9 '7981 q.
French Arc.
x^-x 4= +3-991 +0-9713^+0*8601 .
x™-x4= +0-646+0-9772 jo + 0 '8642 q. Consequently the compression is ---= -Q Q 1;--; mean error of denominator + 2 * 7 0 . a
298-07
The length of a degree of the meridian whose mean latitude is X, is consequently 
